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PEGASUS SATELLITE MEASUREMENTS 

O F  METEOROID PENETRATION 

(Feb.  16 - Ju ly  20, 1965) 

SUMMARY ,,gL2.3@ 
2 

The Pegasus  sa te l l i t es  deploy 200 m of t h r e e  th icknesses  of A1 
ins t rumented  to detect  punctures  resul t ing f rom meteoro id  impingement.  
The  determinat ion of t h r e e  points on a frequency of penetrat ion v s .  thick- 
n e s s  of a luminum curve  for  thicknesses  approaching usefu l  spacecraf t  
skin i s  d i rec t ly  applicable to  spacecraf t  design problems.  

I The design and operat ion of the meteoroid experiment  i s  discuss- 
ed br ief ly .  
predict ions f o r  the thicker  m a t e r i a l s ,  and  with o ther  sa te l l i t e  m e a s u r e -  
m e n t s  fo r  the thinnest  ma te r i a l .  

The r e su l t s  a r e  seen  to essent ia l ly  a g r e e  with ground-based 

some t empora l  var ia t ions  i n  f r e -  Also,  
quency a r e  observed  and possible  cor re la t ions  of these  
known showers  a r e  investigated.  

INTRODUCTION 

The  p r i m a r y  m i s s i o n  of the Pegasus  spacecraf t  is  the m e a s u r e -  
men t  of the frequency of meteoro id  penetrat ions i n  var ious  m a t e r i a l s  
ranging f r o m  40 m i c r o n  1100-0 A1 to 400 m i c r o n  2024 T - 3  A1 . The 
penetrat ion de tec tors  cons is t  of pa ra l l e l  plate capac i tors  which a r e  
f o r m e d  by backing t a rge t  shee ts  with a 12-micron m y l a r  t r i l amina te  
which, i n ' t u r n ,  is  backed by a vapor-deposited Cu l aye r .  The capac i tors  
a r e  made  i n  50 x 100 c m  shee ts  which a r e  bonded to both s ides  of a 2. 54- 
c m  foam c o r e ,  as shown in  F igu re  1. 
of the P e g a s u s  spacec ra f t  supports  208 such de tec tor  panels .  
v ides  194. 5 m' of ins t rumented  a r e a  of which 171 m' is  a l located to  400 
m i c r o n  2024 T-3 ,  16 m' to 200 m i c r o n  2024 T-3 ,  and 7.  5 m' to 40 m i c r o n  
1100-0 aluminum. 
deployed. 

The e rec tab le  wing-like s t r u c t u r e  
This  p r o -  

P '  Figure  2 shows the Pegasus  spacecraf t  with the s e n s o r s  

P r e s e n t e d  a t  the International Symposium on Meteoroid Orbi t s  and Dust,  
Smithsonian Ast rophys ica l  Observa tory ,  Cambr idge ,  M a s s .  9-13 Aug. 1965. 

$Ac tua l  th icknesses  a r e  406 + 50p., 203 - t 25 p ,  and 38 - i- 3 p , respectively. - 
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Figure  1 - Capacitor-type me teo ro id  pene t ra t ion  de tec tor  flown 
2 on Pegasus .  





The 400p a r e a  is  subdivided into 48 identifiable logic groups ,  
each containing 5, 6 ,  o r  8 individual detector  shee ts ;  the 200p a r e a  h a s  
6 logic groups,  each containing 3 ,  6 ,  o r  8 individual de t ec to r s ;  the 40p 
a r e a  h a s  8 logic groups ,  each with 2 de tec tors .  
location of the var ious  panel logic groups.  

F igu re  3 shows the 

A penetrat ion through the de tec tor  t a rge t  shee t  and m y l a r  dielec-  

potential  by a network of c u r r e n t  r echa rge  ampl i f i e r s  
t r i c  momentar i ly  sho r t s  the capaci tor  detector  which is  normal ly  ma in -  
tained a t  a 40-volt 
(CRA). The energy s to red  i n  the capaci tor  is dumped into the shor ted  
a r e a  which burns away the Cu vapor  deposit  and  c l e a r s  the de tec tor  i n  
approximately 1p s e c .  The  ini t ia l  voltage drop  a c r o s s  the capac i tor  
s t a r t s  a n  in tegra tor  in  the Hit Detector  which in tegra tes  the voltage 
a c r o s s  the detector  panel fo r  2 5 0 p  sec .  
product i s  g r e a t e r  than a ce r t a in  p rede te rmined  value,  a hi t  word  is  
writ ten in  the m e m o r y  and a cumulative counter  is incremented.  

If the integrated vol tage- t ime 

The  r echa rge  of the panel  is  accomplished by 3 CRA's  which a r e  

This  pa t t e rn  a l s o  is wr i t ten  into the h i t -word  and provides  
selected by a d iode - re s i s to r  logic m a t r i x  in  a unique pa t t e rn  for  each 
logic group. 
panel identification and location. 
and writ ten into the hit  word. 

The  r e c h a r g e  t ime  is  a l s o  m e a s u r e d  

In labora tory  testing of the de t ec to r s ,  i t  w a s  found that the d i s -  
charge  voltage produced by a high velocity pa r t i c l e  r anges  f r o m  f r ac t ions  
of volts to  full d i scharge .  No d i r ec t  co r re l a t ion  between d i scha rge  leve l  
and any  pro jec t i le  p rope r ty  could be found, although t h e r e  was  s o m e  in-  
dication that the signal leve ls  i nc reased  somewhat  a t  higher  veloci t ies .  
The voltage-time product  r equ i r ed  to r e c o r d  a hi t  word  w a s  se lec ted  s o  
that a typical d i scharge  of 4 vol ts  would be r e g i s t e r e d  on P e g a s u s  I1 and  
111, 3 volts on the 40p panels  on Pegasus  I, and 5 volts on the r ema inde r  
of the  Pegasus  I panels.  
would accept 8 0  to 90% of the s igna ls  resul t ing f r o m  meteo ro id  pene t r a -  
t ions.  

Labora tory  t e s t s  indicate  that t hese  set t ings 

ANALYSIS O F  PEGASUS FLIGHT DATA 

A s  i s  often the c a s e  with a f i r s t  f l ight t e s t  of a s y s t e m  such as  
the capacitor de tec tor ,  t h e r e  w e r e  s e v e r a l  unforeseen  p rob lems  not 
evidenced in the ground tes t ing.  For tuna te ly ,  these  p rob lems  showed 
up soon enough in the operat ion of P e g a s u s  I to  be deal t  with sa t i s fac tor i ly  
on Pegasus  11. 
data  analysis ,  and the improvemen t s  on P e g a s u s  I1 follow. 

The p rob lems  encountered,  the effect  of the p rob lems  on 

4 
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1. Isolation between capac i tors  in  a logic group and sensi t iv-  
i ty  of the CRA's w e r e  not sufficient to  gene ra t e  panel  identification and 
recharge  t i m e  fo r  h i t s  occur r ing  i n  logic groups  containing m o r e  than 2 
capaci tors .  Since the t h r e e  different  thicknesses  c? each wing a r e  se r -  
viced by s e p a r a t e  Hit Detec tors ,  which a re  identified i n  the  h i t  word,  one 
could identify the thickness  and the wing, but not the logic group of 400 o r  
200Ppanels i n  which the d ischarge  occurred .  The  de tec tor  isolat ion and  
CRA sensit ivity w e r e  inc reased  fo r  Pegasus  11, and all h i t s  give complete  
j n €0 r ma  ti on. 

2 .  It w a s  found that some  200 and 400p panels  become in t e r -  
mit tent ,  p rcsumably  a f t e r  damage f r o m  a meteoro id  impact .  It h a s  been 
postulated that the Cu-coated m y l a r  i n  the vicinity of a ragged hole in the 
t a rge t  sheet could,  through t h e r m a l  expansion o r  contract ion,  r e s u l t  i n  
a mechanical  shor t .  
energy s tored  in  the capac i tor .  However,  the p r o c e s s  c a n  apparent ly  
repea t  itself a l a r g e  number  of t i m e s ,  genera l ly  one o r  m o r e  t i m e s  d u r -  
ing each t h e r m a l  cycle .  Since each shor t  wr i t e s  a hi t  word ,  th i s  s i tua-  
tion was  fatal to the 400p experiment  on Pegasus  I where  no panel iden-  
tification was  available.  T ime  did not p e r m i t  the investigation neces -  
s a r y  to completely understand the behavior of such panels  o r  the d e t e r -  
mination of whether this  problem could be elmininated by a change in  
senso r  construction. 
for  every h i t  indication, plus  the fact  that  the  ave rage  hi t  r a t e  i s  about 1 
p e r  100 days on a par t icu lar  400p logic group,  it becomes  obvious that 
a logic group that r e g i s t e r s  s e v e r a l  h i t s  in a sho r t  t ime  i s  in te rmi t ten t .  
The procedure  in  such a c a s e  h a s  been to  accept  the f i r s t  hi t  as val id  and 
ignore  the r ema inde r  of the hit  indications,  as well  as  the a r e a  of the 
par t icu lar  logic group f r o m  the t ime of the f i r s t  hit.  The  offending logic 
group i s  then disconnected by ground command.  

Such a shor t  would be quickly burned away by the 

However,  with the abil i ty to  identify the logic group 

3 .  Detector  shorting was  found to  be a m o r e  frequent  occur -  
r ence  on Pegasus  I than had been indicated f r o m  l abora to ry  t e s t s  of t k  
detector  panels ,  par t icu lar ly  a t  higher  t e m p e r a t u r e s .  When a shor t  O C -  

c u r r e d o n o n e o f  the capac i tors  on P e g a s u s  I, the en t i r e  logic group was  
disabled. Obviously, s e v e r a l  sho r t s  could cause  a s e v e r e  degradat ion 
of instrumented area. 
by damage resul t ing f r o m  meteo ro id  impac t  o r  f r o m  inclusions o r  con-  
ductive spots in the myla r .  
panels  to  be flown on Pegasus  I1 which m a y  have eliminated potential  
t rouble  spots in the d ie lec t r ic .  
I1 is  substantially lower than on P e g a s u s  I, but the peak  t e m p e r a t u r e s  
have not been as  high. 
6 

It w a s  not c l e a r  whether such  short ing w a s  caused  

A "burning-in" p rocedure  was  u s e d  on the 

The  short ing r a t e  obse rved  on Pegasus  

A l s o ,  the  r a t i o  of s h o r t s  to  obse rved  penet ra t ions  



i s  s t i l l  somewhat higher  than labora tory  resu l t s  would indicate.  Pegasus  
11 and 111 a l so  have a defusing capabili ty for each individual capaci tor  
which allows removal  of a shorted panel f rom a logic group. 
this  fea ture  has  been used to  good advantage in  that 10 logic groups have 
been saved that otherwise would have been los t .  

Thus far,  

It had been f ea red  p r i o r  to Pegasus I launch that t rapped electron 
radiat ion i n  the South Atlantic magnetic anomaly might i n t e r f e re  with the 
experiment  by inducing fa l se  counts in  the meteoro id  de tec tor .  
events could occur  in  two different ways. Charge  accumulation in  the 
capac i tor  d ie lec t r ic  o r  i n  the foam behind the capaci tor  detector  could 
conceivably build up and d ischarge  spontaneously into the r e a r  capaci tor  
plate.  This  sudden charge  deposition would change the potential of the 
capaci tor  and would cause  the C R A ' s  to deliver c u r r e n t  to r e s t o r e  the 
or iginal  potential .  This  would be in te rpre ted  by the detection c i r cu i t ry  
a s  a meteoro id  hit .  Such a n  effect was demonstrated in  the labora tory ,  
but a t  much higher dose r a t e s  than would be encountered in  the Pegasus  
orbi t .  
and w a s  analogous to the "leaky-bucket" problem. 
however,  i s  one of the unknowns. 
i s t i c  r a t e  was prohibit ive t ime-wise ,  
set t led.  However,  l abora tory  t e s t s  did indicate that such d ischarges  
r equ i r ed  a substantial  dose and were  generally much l e s s  than the 4-vol t  
threshold.  
coupled to  the CRA through a 10pf capacitor.  
detect  a meteoroid-induced shor t ,  but could detect  a sudden charge  de- 
position; thus would s e r v e  to indicate i f  a n  appreciable  number of such 
events  would be detected. 

Such 

It was apparent  that such a n  effect  should depend on the total  dose 
The leakage r a t e ,  

so  the question was la rge ly  un- 
I r radiat ion of the s e n s o r s  a t  a r e a l -  

One logic group in  each detector thickness  was debiased and 
Such a panel  could not 

The  second possible  mode of in te r fe rence  a r i s e s  f r o m  radiat ion 
d i scha rges  in  the myla r  insulation of the pr inted cables  that run  f r o m  
the spacec ra f t  cen ter  section to the var ious panels .  Such d ischarges  
may  r e s u l t  in  high-amplitude, high-frequency pulses .  Such pulses  could 
conceivably provide sufficient a r ea - t ime  product to pas s  the d i sc r imina -  
t o r ,  but s ince  t h e r e  would be no actual  d i scharge  of the capaci tor  de-  
t ec to r ,  the CRA's  would only del iver  cur ren t  to r echa rge  the cable  which 
is insufficient to cause  a panel identification o r  pulse  ve r i fy  to be wri t ten.  
One such event h a s  been observed in  Pegasus 11. 

On Pegasus  11, i t  was found that the t rans ien t  caused  by com-  

The exact 
manding the fuse re lay  l l O N "  f i r e s  ail the Hit Detectors  and wr i t e s  a 
spur ious  hit  word with an  i l legi t imate  panel identification. 
r e a s o n  for  this  i s  not yet known, but such a n  event is easi ly  recogniz-  
ab le .  7 



Hits  can  be commanded into a specific logic group by commanding 
a panel disconnect,  which bleeds the charge  on the de tec tor  group to  
ground, and then reconnecting. 
recharge  t i m e  s ince all capac i tors  in  a logic group m u s t  be r echa rged  
f rom ground potential. 
number of capac i tors  act ive in  a logic group in  which fuses  m a y  have 
been blown. 

Such a n  event is  identifiable by the long 

Such commands  a r e  useful for  checking the 

The  cumulative counters  respond to every  Hit Detector  output 
and a r e  used only to a s c e r t a i n  that all the hit  words  in  the m e m o r y  have 
been found? 
manner :  

These  words  a r e  so r t ed  out and c lass i f ied  i n  the following 

1. Command Events  - knowledge that  a disconnect - connect 
command was  sent to specified panel at  specified t ime;  r echa rge  t i m e  
cor responds  to all act ive panels  being r echa rged  f r o m  ground potential .  

2. Spurious Events  - knowledge that F u s e  Relay was  com-  
manded "ON" at  specified t ime ;  genera l ly  all Hit Detec tors  and CRA's  
f ire.  

3 .  Intermit tent  Event - s a m e  panel produces  m o r e  than one 
word i n  a t ime  which is v e r y  sho r t  compared  to  the ave rage  in t e r -  hit 

va l  between two valid hi ts  in  a single logic group.  

4.. Radiation Events - e i the r  a hi t  word  on a debiased panel ,  
o r  a hit word containing no panel identification o r  pu lse  ver i fy ;  probabi l i ty  

of such a n  occur rence  is g r e a t e r  i n  per iods  of high radiat ion dose  rate. 

5. Valid Hit Resulting i n  Shorted Pane l  - hit  word with the 
p rope r  f o r m  which shows a ful l - t ime count i n  the r echa rge  t i m e  r e -  
g i s t e r ;  a l s o  continuous c u r r e n t  indications i n  the 3 CRA's  that supply 
that  logic group. 

6 .  Normal  Valid Hit - hit  word  that  fulfills all t e s t s  f o r  a 
no rma l  hi t  word, i. e . ,  p r o p e r  panel  identification and pulse  ve r i fy  
count corresponding. to  a single de tec tor  panel  recharg ing  f r o m  a 4- 
to  40-volt discharge.  

t In r e t rospec t  i t  was  indeed for tunate  that  sufficient diagnostic data  
was  te lemetered  with each event to  allow a ground-based  ana lys i s  of 
each counter increment .  One would ce r t a in ly  have a v e r y  d is tor ted  
and false p ic ture  of the me teo ro id  environment  if cumulat ive counts 
w e r e  the only data available.  

8 



In a v e r y  few c a s e s  the events counted by the cumulative counters  

Since the  counter  
exceeded the number  of words.  
in which a panel  w a s  in te rmi t ten t  and rapidly short ing,  
i s  incremented  every  t ime  the integrator  i n  the hit  detector  r ece ives  a 
ce r t a in  vol tage- t ime product  in  250p sec,  and s ince 1. 25 seconds a r e  
requi red  to  wr i t e  a hit  word into memory ,  it i s  quite understandable  that 
a rapidly short ing panel  c a n  wr i t e  m o r e  events in the cumulat ive counter  
than hi t  words  i n  the m e m o r y .  In these c a s e s ,  such counts w e r e  d i s r e -  
garded  as in te rmi t tenc ies .  

This  has a lways happened during a t ime 

Other  r a r e  c a s e s  have occur red  in  which too many o r  too few 
CRA's  identify the d ischarged  panel. 
of sl ight changes i n  values  of var ious  electronic components  which m a y  
a l t e r  the CRA sensi t ivi t ies .  
be made  as  to  which panel  is  being recharged.  

This i s  understandable  i n  t e r m s  

In such cases  a n  educated guess  c a n  usual ly  

It i s  felt  that  radiat ion does not significantly a f fec t  the data  f r o m  
the meteoro id  exper iment ,  s ince  no inc rease  in  counting r a t e  with t ime  
h a s  been observed  on ei ther  Pegasus  I o r  I1 which could b e  at t r ibuted to  
accumulated radiat ion dose,  no disproportionate number  of h i t s  h a s  oc - 
c u r r e d  i n  the high radiat ion region i n  the South Atlantic anomaly,  no de-  
b iased  panels  have indicated h i t s  on Pegasus  II,? and only one event typ- 
i ca l  of a ' c a b l e  pulse  induced by radiation h a s  been observed  on Pegasus  
11. The l a r g e s t  uncertaini ty  s e e m s  to be whether o r  not i t  is  c o r r e c t  t o  
a t t r ibu te  events that  r e su l t  i n  panel  shorting o r  in te rmi t tency  to meteoro id  
penetrat ion,  pa r t i a l  penetrat ion,  o r  damage, o r  whether such events  oc-  
c u r  spontaneously through prolonged vacuum soak,  t h e r m a l  cycling, and 
possibly o ther  a spec t s  of exposure to space environment.  Labora tory  
t e s t s  to  decide such questions a r e  planned, but i n  any c a s e  the number 
of such  events  i s  l e s s  than 30% of the total  observat ions i n  the 200 and 
400p de tec tors .  
t e r e d  i n  any of the 40p panels  on either Pegasus  I o r  11, except f o r  one 
panel  on P e g a s u s  I which m a y  have been inadvertent ly  disconnected and 
impacted  with no applied voltage. 

No shorting o r  intermit tent  p rob lems  have been encoun- 

P e g a s u s  I Resul t s  

Pegasus  I rece ived  4 hit indications on the 400p panels  i n  the f i r s t  
11 days .  However ,  s eve ra l  panels  became in te rmi t ten t  a t  that  t ime ,  and 
the l a c k  of pariel identity precluded separat ing val id  h i t s  f r o m  the in te rmi t ten t  

7 The  lack  of panel  identification on Pegasus  I p rec luded  observat ion of 
h i t  words  orginating f r o m  debiased panels .  

9 



2 
events a f t e r  that  t ime  
frequency i s  . 0 0 2 1 / m  days.  

Based  on 4 events in  1925  m day, the penetrat ion i 

F o r  some  reason ,  a v e r y  high fract ion of the penetrat ions on the 
2OOp panels  resu l ted  in  sho r t s  (assuming that sho r t s  r e su l t  f r o m  a m e t e -  
oroid impact ) ,  and s ince t h e r e  a r e  only 6 logic groups ,  the 200p area 
very quickly became lost .  
exposure which resu l ted  i n  a penetrat ion frequency of . 036/m2 days.  Again 
it should be pointed out that the 200 and 400p hit  words  did not contain 
panel identity o r  r echa rge  t ime unless  a shor t  resul ted.  The re fo re ,  some 
of the t e s t s  for  validity could not be made .  

T h e r e  w e r e  9 hit  indications i n  248 m2 days  

The  40p panels  gave panel  identification about 70% of the t i m e  and 
a r e  still functioning ex t remely  well. 
recorded i n  8 5 8  m2 day for  a flux o f .  121/m2 day. 
cumulative events  is  shown i n  F igu re  4. 

A total  of 104  penetrat ions h a s  been 
A t ime  h i s to ry  of the 

Pegasus  I1 Resul t s  

The number of penetrat ions,  a r e a - t i m e  exposure ,  and puncture  
frequency observed  by Pegasus  I and I1 (as  of July 2 0 ,  1965) a r e  sum-  
mar i zed  i n  Table  I. Note that the few punctures  observed  i n  the 200 and 
400p Pegasus  I de tec tors  a r e  i n  reasonably good ag reemen t  with Pegasus  
I1 resul ts .  
Pegasus  I1 than for  Pegasus  I. 

The  total  40p events give a somewhat higher  puncture  r a t e  f o r  

One possible  explanation m a y  be s e e n  by compar ing  t i m e  h i s to ry  
of the 40p cumulative counts on Pegasus  I1 ( F i g u r e  5) with F igu re  4. 
The re  a p p e a r s  to be a significant i n c r e a s e  i n  counts during the pe r iods  
June  6 t o  June  12. 
with t imes  of known m e t e o r  shower act ivi ty ,  i. e. , the  Ar i e t id s  and the 
5 - Perse ids .  
gives a sporadic  background that  i s  v e r y  c lose  to  the P e g a s u s  I r e su l t .  
Of cour se  a reasonable  explanation m u s t  be found fo r  the non-observat ion 
of the showers  by Pegasus  I. 

It i s  in te res t ing  to note that this  per iod  co r re sponds  

Subtracting the shower events  f r o m  the Pegasus  11 counts 

One plausible  explanation m a y  be found i n  the difference of the 
rotational behavior of the two sa te l l i t es .  Angular  momentum in  the f o r m  
of rotation about the x-axis was  i m p a r t e d  to  both spacec ra f t  when the  r e -  
sidual propel lants  w e r e  vented. 
l e a s t  moment of iner t ia ,  such a rotat ional  s t a t e  is quas i - s t ab le  f o r  a 
semi- r ig id  body. Pegasus  I underwent  a t r ans i t i on  to  the min imum r o -  
tational energy  s ta te  ( i .  e. , rotat ion about the z -ax i s ,  which is the axis 
of maximum moment  of i ne r t i a )  i n  15 days.  

10 

Since the  x-axis is  a pr inc ipa l  axis of 

Th i s  rotat ion s tabi l ized the 
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TABLE I 

Frequency  of 
Number of A r e a -  T ime  Penet ra t ions  
Penet ra t ions  (mZ day) (NO. / m 2 s e c )  

Pegasus  I 

400p 

200p 

401.1. 

Pegasus  I1 

400p 

200p 

40p (total)  

4Op (shower 
Peak) 

4Op (sporadic)  

4 

9 
104 

30 

14 

61 

1 2  

40 

1925 

2 48 

8 58 

8457 

734 

357 

26 

299 

12 
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. 
sensor  plane i n  space .  Gravi ty  gradient  torque causes  a p recess ion  of 
the rotational axis which provides  a relat ively slow scanning of the c e -  
les t ia l  sphere .  

The r e su l t  of this  motion may  be seen  i n  t e r m s  of the angle the 
sun makes  with the s e n s o r  plane shown i n  F igu re  6 .  
s i s  indicates  that the no rma l  to the s e n s o r  plane made  angles  of 50' and 
65" with the rad ian ts  of the Ar ie t ids  and 
during the t imes  of peak activity.  Since the a r e a  p re sen ted  to the shower 
direct ion is reduced by the cosine of the angle of incidence,  and s ince the 
penetrating abil i ty of a n  impacting meteoro id  falls roughly as the 2!3 
power of the cosine of the angle of incidence,  i t  is  understandable  that 
these showers  may  be m i s s e d  by Pegasus  I. Of c o u r s e  the deviation 
that was  at t r ibuted to shower events i n  Pegasus  I1 data  is  small and m a y  
very well  be nothing m o r e  than a coincidental  s ta t i s t ica l  fluctuation. 

P r e l i m i n a r y  analy-  

- P e r s e i d s ,  respec t ive ly ,  

Pegasus  11, for  r easons  that a r e  not yet completely c l e a r ,  re ta ined  
i t s  rotat ion about the x-axis. This  rotat ional  configuration, together  with 
the lower angular momentum impar t ed  to  i t ,  r e s u l t s  i n  a m o r e  r ap id  p r e -  
cess ion  of the rotat ional  ax is  as  i s  evident i n  F igu re  7 which shows the 
angle between the sun and the rotat ional  axis. The motion i s  such that 
the en t i r e  ce l e s t i a l  sphe re  i s  swept with the senso r  axis i n  a per iod  of 
a single day. 
of detectable pa r t i c l e s  sufficiently above the sporadic  background i s  v i r -  
tually a s s u r e d .  

The re fo re  the observa t ion  of showers  having a population 

The t ime  h i s to r i e s  of the 200 and 400pcumulat ive counts a r e  
shown in  F igu res  8 and 9. 
a r e  too low to s e e  any shower effects .  

The sampling r a t e s  fo r  t hese  th icknesses  

COMPARISON WITH OTHER EXPERIMENTS 

It i s  difficult to  c o m p a r e  the P e g a s u s  r e s u l t s  with o ther  expe r i -  
ments  s ince  ca l ibra t ions  of the de t ec to r s  in  t e r m s  of th reshold  m a s s e s  
have not been completed.  Some p r e l i m i n a r y  comment s  m a y  be appro -  
pr ia te ,  however.  
provides s o m e  acoust ic  impedance matching and r educes  the s e v e r e  
r e a r  s u r f a c e  ref lect ion of shock waves  that  p roduces  spal la t ion damage .  
The re fo re ,  these  de t ec to r s  probably behave m o r e  as  semi- inf ini te  t a r -  
ge ts  than thin shee ts .  
NAA indicate that bonded s e n s o r s  a r e  much m o r e  difficult to  p e r f o r a t e  
than the unbacked capac i to r s .  

The capac i to r s  a r e  bonded to  a foam backing which 

In fac t ,  s o m e  qual i f icat ion t e s t s  p e r f o r m e d  a t  

14 
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. 

The p r e s s u r e  ce l l s ,  on the other  hand, a r e  under a hoop s t r e s s  
and have a f r e e  r e a r  sur face .  A pa r t i a l  penetration can  produce r e a r  
spallation and ha i r l ine  c r a c k s  which can resul t  in  depressur iza t ion .  It 
i s  not known whether o r  not this  result ing d e c r e a s e  i n  penetration depth 
requi rement  for  detection i s  compensated by the higher  s t rength of the 
s ta in less  s tee l .  A l s o  to be considered i s  the fact  that  the 40p.aluminum 
on Pegasus  is  1100-0, which i s  known t o  be l e s s  r e s i s t an t  to penetration 
a t  lower veloci t ies  than the much s t ronger  2024-T3 used i n  the 200 and 
400p de tec tors .  This  may be par t ia l ly  offset by the fact  that  the 12p of 
myla r  that  mus t  a l so  be penetrated r ep resen t s  a n  appreciable  f ract ion 
of the 40p s e n s o r  thickness .  

Until such quest ions a r e  set t led by sui table  cal ibrat ions,  i t  does 
not appear  just i f iable  to a t tempt  to make co r rec t ions  for  ma te r i a l  equiv- 
a lence o r  detection mode,  The penetration frequency vs .  detector  thick- 
n e s s  for  Pegasus  I, 11, and Explorer  23 is shown in  Figure 10 along with 
the e a r l i e r  predict ions of Whipple [ 11. 

It may  be seen  that the 40p Pegasus points tend to confirm the 
Explorer  16 and 23 findings [ 2 ]  that  the penetrating flux, a s  well a s  the 
r a t e  of d e c r e a s e  of puncture  frequency with thickness ,  i s  much l e s s  than 
was or iginal ly  es t imated.  A s  one proceeds to thicker  m a t e r i a l s ,  the  
penetrat ion frequency and i t s  r a t e  of change appear  to be in  be t te r  a g r e e -  
ment  with the predict ions based on as t ronomica l  measu remen t s ,  although 
the s lope is s t i l l  not a s  s teep  a s  the as t ronomica l  measu remen t s  would 
indicate.  
the m a s s  range covered  by Pegasus  and  the ground-basedmeasurements. 
Obviously i t  would be des i rab le  to  make independent measu remen t s  in  
the s a m e  m a s s  range.  

The re  i s  s t i l l  approximately 1 to 2 o r d e r s  of magnitude between 

George C .  Marshall Space Flight Center, 
National Aeronautics and Space Administration, 

Huntsville, Alabama, September 13, 1965 
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